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Abstract: Urban streams can provide amenities to people living in cities, but those beneﬁts are reduced when
streams become degraded, potentially even causing harm (disease, toxic compounds, etc.). Governments and institutions invest resources to improve the values and services provided by urban streams; however, the conception,
development, and implementation of such projects may not include meaningful involvement of community members and other stakeholders. Consequently, project objectives may be misaligned with community desires and
needs, and projects may fail to achieve their goals. In February 2020, the 5th Symposium on Urbanization and
Stream Ecology, an interdisciplinary meeting held every 3 to 5 y, met in Austin, Texas, USA, to explore new
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approaches to urban stream projects, including ways to maximize the full range of potential beneﬁts by better integrating community members into project identiﬁcation and decision making. The symposium included in-depth
discussion about 4 nearby ﬁeld case studies, participation of multidisciplinary urban stream experts from 5 continents, and input from the Austin community. Institutional barriers to community inclusion were identiﬁed
and analyzed using real-world examples, both from the case studies and from the literature, which clariﬁed disparities in power, equity, and values. Outcomes of the symposium have been aggregated into a vision that challenges
the present institutional approach to urban stream management and a set of strategies to systematically address
these barriers to improve restoration solutions. Integrating community members and other stakeholders throughout the urban restoration process, and a transparent decision-making process to resolve divergent objectives, can
help identify appropriate goals for realizing both the ecological and social beneﬁts of stream restoration.
Key words: urban streams, restoration, community, transdisciplinary, sustainable, co-creation, socioecological,
ecosystem service, multi-beneﬁt

The last 2 decades have seen dramatic shifts in societal attitudes towards urban stream corridors (Roy et al. 2008, Hale
2016, Parr et al. 2016, Hobbie and Grimm 2020). Urban
streams, which are often channelized and buried as part of engineered solutions to stormwater conveyance and wastewater
disposal problems (Delleur 2003, Elmore and Kaushal 2008),
are increasingly recognized as ecological and social amenities
worthy of restoration and public investment (Palmer et al.
2014, Hong and Chang 2020). Cities are looking for opportunities to restore streams to meet multiple objectives, including
regulatory compliance, ﬂood relief, aesthetic improvements,
and recreation (Doyle and Shields 2012, Naiman 2013, Baker
et al. 2014, Hawley 2022). It is estimated conservatively that
federal programs in the United States fund ecological restoration at a rate of ∼$1.9 B/y (BenDor et al. 2015), of which
≥$1 B/y goes into stream restoration (Bernhardt et al. 2005).
Restoration is a complex social process, driven by legal
and regulatory requirements, economics, the values and
goals of diverse stakeholders, and broader cultural perspectives on nature (Baker et al. 2014, Smith et al. 2014, Lave
2016, Nost et al. 2019). Despite the inextricable relationships
between social and ecological dimensions of urban streams,
most of the stream restoration literature has focused almost
exclusively on technical issues and approaches (e.g., Walsh
et al. 2015, Lammers et al. 2020). Although these are important considerations, even the identiﬁcation of problems is ultimately a product of social values. Thus, explicitly incorporating social dimensions into restoration is essential for
adequately deﬁning and achieving the goals and objectives
of the restoration itself (Smith et al. 2016).
Practitioners may not recognize the social dimensions of
a restoration project, nor their inﬂuence on project location,
objectives, and design (Baker et al. 2014, Nost et al. 2019).
For example, systematic biases may lead restoration projects
to be unjustly distributed, with more restoration occurring
in areas with highly educated, wealthy, and non-Hispanic
white populations (Stanford et al. 2018). The full range of
stakeholders, including community members, may not be
considered in stream restoration, and even if they are, their

perspectives may not be well integrated into project development (e.g., Wohl et al. 2015).
Only in the past decade has the freshwater science literature started to acknowledge the social dimensions of urban
stream restoration (Smith et al. 2014, 2016). One focus has
been on assessing the social beneﬁts of completed restoration projects (Roy et al. 2008, Usher et al. 2021). Other studies have explored the effects of incorporating social dimensions in the earlier stages of restoration identiﬁcation and
design, showing evidence that residents value being involved
in stream restoration early in the process (e.g., Deffner and
Haase 2018, Hong et al. 2018, Bell et al. 2020, Basak et al.
2021). However, differences in goals and agendas among
various stakeholders can be a major challenge in developing
plans for stream restoration (i.e., goals can span improving
ﬂood management, ecological habitat, aesthetics, recreation,
community building, etc.; Smith et al. 2014, Moran et al.
2019). Despite the challenge in aligning restoration goals,
public involvement in the design of restoration projects
can increase support for restoration projects (Metcalf et al.
2015) and can have important social justice beneﬁts by improving restoration outcomes, elevating new voices, and recognizing community power (Moran et al. 2019).
Communities can become more deeply engaged in stream
restoration processes than they typically have been when
more participatory approaches to restoration planning are
adopted (for examples see Moran et al. 2019, Usher et al.
2021). Although the public may appreciate a restored stream
that only meets the professionals’ visions (e.g., Deffner and
Haase 2018, Hong et al. 2018, Bell et al. 2020), when given
the opportunity, the public may also bring a diversity of alternative visions for restoration to potential project areas. For
example, Usher et al. (2021) described a tremendous range of
visions brought by community members during a restorationvisioning process, which included trails, community gardens,
outdoor learning spaces, a treehouse, wetlands and woodlands, ponds, play areas, and much more. Creating participatory processes that engage communities may yield more
successful, co-designed stream restoration projects, where
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widespread community support can help shift watershedwide practices to better maintain and further improve the restored system (Moran et al. 2019).
This paper represents a synthesis of the discussions and
outcomes from the 5th Symposium on Urbanization and
Stream Ecology (SUSE5; 12–15 February 2020), an interdisciplinary meeting held every 3 to 5 y, most recently in Austin,
Texas, USA. We have drawn on the common threads that
emerged from discussions around 4 local case studies at
SUSE5 as well as from the academic literature, technical advice, and our own professional experiences to develop a vision for more successful restoration of urban stream systems. We begin with an overview of the SUSE5 meeting
with a focus on the case studies and team makeup. We describe the key barriers to improved community involvement
in urban stream restoration, particularly as emphasized
through examples from SUSE5. Then, we offer a vision for
a transdisciplinary, integrative, and inclusive community
powered approach to urban stream management. This paper
envisions restoration projects that acknowledge the local
social–ecological context in which restoration projects are
identiﬁed, designed, and implemented and will lead to equitable provision of ecosystem services across the diverse social
landscapes typical of cities. Finally, we offer some strategies for
addressing barriers to community involvement in restoration
through actions inspired by the community-powered vision.
We emphasize that this paper is not a lessons-learned or
how-to guide to community-based stream restoration. Instead, our intent is to build awareness of the sociopolitical
complexity of stream restoration among urban stream ecologists and to start a discussion as a community of practitioners, regulators, and funders to explore the potential roles of
community stakeholders in achieving successful and sustainable urban stream restoration.

T H E SU S E 5 M E E T I N G
SUSE5 offered an opportunity for professionals (spanning
the environmental, social, and political sciences) and practitioners (of stream restoration and management, nonproﬁt
community groups, and local citizens) to share their research, experiences, and social values in the context of 4 local
case studies of urban stream restoration. The meeting used a
structured decision-making framework (Gregory et al. 2012)
to facilitate collaboration in addressing “wicked problems”
(pp. 160–161), a term applied to complex social policy and
planning problems that are inherently unsolvable because
of their interconnected nature, evolving conditions, and
often competing goals (among other factors; Rittel and Webber 1973).
From an inventory of streams draining through Austin
compiled by City of Austin (COA) staff, we identiﬁed 4 casestudy sites (SUSE5 2020, Part 2; Fig. 1). Selected sites had
documented problems that were not already under planning
and design phases within the COA’s project-development
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structure. These sites were representative of the dominant
stream problems (i.e., ﬂooding and erosion) found in Austin
as determined by a combination of citizen complaints and
COA ﬁeld-identiﬁed projects. The selected sites also included
other common urban stream stressors (e.g., degraded habitat,
poor water quality, altered ﬂow regimes) and a range of social
equity issues that commonly go hand-in-hand with degraded
urban streams, both in Austin and urban areas globally (e.g.,
Booth et al. 2016, Gupta and Verma 2017, Pulford et al.
2017, Chakraborti and Shimshack 2022), including legacies
of racism and under-investment in historically disadvantaged
communities. These equity issues commonly coincide with
chronic ﬂooding problems and other socioeconomic impacts
at these sites. The lack of obvious stormwater management
solutions made these 4 case studies complex and challenging
problems.
During the February 2020 meeting, each case study was
assigned to 3 teams of 10 to 12 SUSE5 participants (n 5
12 teams). Teams were intentionally structured into 3 categories (4 teams in each category): 1) participants within a single discipline, comprising only biologists or only engineers;
2) participants from multiple disciplines, comprising biologists, engineers, and planners; or 3) participants covering transdisciplines, comprising a mix of professional backgrounds
plus members of the local community (Bixler et al. 2022).
Each of the 4 transdisciplinary teams included 3 community
members. Each of the 12 teams included 1 or more COA employee to provide local and historical perspectives of the case
study and to gather potential solutions from team discussions
to inform the next stage of the COA’s project-development
process. The biologists, engineers, and planners represented
a mix of academic, professional, and practitioner backgrounds,
along with students and government agencies originating
beyond the COA. In sum, there were >150 attendees from
6 countries and ∼20 US states, with ∼15% of attendees being
staff of the COA.
Over the 3.5-d meeting, teams met in work sessions scoping
the problem(s) associated with their ﬁeld site, identiﬁed project
objectives and values, visited their respective site, and reﬁned
alternative solutions. At the end of the meeting, each team presented highlights from their work sessions, including problem
statements and proposed conceptual solutions for their case
study. In most instances, solutions involved tradeoffs among
the various stakeholder interests and perspectives. Although
the initial focus of the meeting was not on ﬁnding socially equitable solutions to stormwater management concerns, a primary outcome from the general discussion was recognition
that such issues, whether acknowledged or not, underlie many
eco-sociological tradeoffs in urban stream management.
Implicit in this workshop was a goal of identifying barriers
to community involvement. Although only 1/3 of the teams
included community members, all teams had diverse values
and expertise that, ideally, should be cooperatively incorporated into local stream restoration solutions. However, barriers to such inclusion were a common theme that emerged
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Figure 1. Map of 4 case study sites (grayscale polygons shaded from black to white) from the 5th Symposium on Urbanization and
Stream Ecology, an interdisciplinary meeting held every 3 to 5 y in Austin, Texas, USA. All sites were located just north and east of
downtown Austin. See the online edition for a color version of this image.

during the meeting. This exercise highlighted both the importance of community involvement in developing inclusive
and socially sustainable solutions, and some of the common
barriers that nonetheless can impede community involvement. Community representative and water policy expert
Carrie Thompson reﬂects on the SUSE5 meeting:
“I was assigned to a watershed that I was not familiar
with in Austin. My group was a mix of experts and
a few local community members. We were very dependent on the local community resident representative and Austin staff to orient us to the site and larger
issues.”
BAR R I E R S TO I M P R OV E D C O M M U N I T Y
I N VOLVE M E N T
Team discussions and problem solving at SUSE5 revealed multiple barriers to implementing a transdisciplinary,

community-powered approach to urban stream restoration.
We organize these barriers into 4 categories: 1) regulatory requirements and governance structures, 2) limited resource
availability and allocation, 3) trust and power differentials,
and 4) differences in problem deﬁnition and what constitutes
success (Table 1, Fig. 2A–D). These barriers are interconnected, although they inﬂuence development of restoration
projects and management solutions differently and at different
spatial scales. Below, we describe the barriers in each of these
categories based on discussions that arose during the SUSE5
meeting. We also note that there are many other instances
in environmental restoration to which these barriers may also
apply (Table S1), and so these ﬁndings are likely more broadly
relevant beyond the improvement of urban streams.
Regulatory requirements and governance structures
Regulatory and governance structures that guide stream
restoration decisions may impede meaningful community

Volume 41

September 2022

|

000

Table 1. Case study sites from the 5th Symposium on Urbanization and Stream Ecology (SUSE5), an interdisciplinary meeting held
every 3 to 5 y in Austin, Texas, USA, and the barriers to better community involvement identiﬁed by SUSE5 participants (see Fig. 1
for site locations, Fig. 2A–D for barriers). – indicates that team deliverables and notes did not explicitly discuss that type of barrier
for a given case study. For more information about the study sites and concerns identiﬁed by the City of Austin, see SUSE5 (2020).
USACE 5 United States Army Corps of Engineers.
Barriers to community involvement
Site name

City of Austin Regulatory requirements and Resource availabilgovernance structures
ity and allocation
concerns

Boggy Creek at Flooding, eroCherrywood
sion, water
quality

Conﬂicting municipal
drivers

Boggy Creek at Aging or dam- Requirements from government agency remote from
Jain Lane
aged ﬂoodcommunity
control infrastructure,
erosion
Fort Branch
Creek at
51st Street

Flooding, erosion, water
quality

Country Club Flooding
East Creek
headwaters
at Monsanto
Drive

Limited space/parcels for greeninfrastructure
stormwater
solutions
–

Multidimensional solutions
require cooperation
among city departments
that may not coordinate
well

Limited space upstream for more
comprehensive
channel
restoration

Single-solution mindset
focused on ﬂooding

Upgrading drainage infrastructure is very
costly

involvement. For example, in highly regulated and controlled
rivers, engineers may focus on building and operating dams
and levees to provide ﬂood protection and insurance companies may sell insurance for ﬂood damage, but there may
be no consideration of residents’ concerns about living in
ﬂoodplains other than those related to ﬂooding (Pahl-Wostl
2006). Moreover, agencies that administer or interact with
stream restoration projects may have narrow objectives or
circumscribed missions. For example, projects may be limited
to environmental, safety, or property protection goals while
ignoring issues of equity and justice, community identity
and well-being, or other social outcomes (even though many
agencies explicitly mandate public comment or participation
and facilitate partnerships with stakeholders; USEPA 2008,
Larson and Lach 2010).
Two examples from SUSE5 display this primacy of regulations or institutions over broader community needs. The
identiﬁed need for the Boggy Creek at Jain Lane project
was driven by the United States Army Corps of Engineers’
regulatory requirements for ﬂood safety and geomorphic stability (Table 1). Discussion of potential community interests
and objectives was outside of this regulatory scope. At the

Trust and power
differentials

Conceptual
differences

–

Scope mismatch between proposed
solutions and
watershed-scale
drivers

Community access
Legacies of institutional
racism, large channeliza- barriers due to
USACE project,
tion project by USACE
rail lines

–

Disagreement about
scale (watershed
vs reach)

Historic disinvestment in Headwater or buried
stream, no context
the neighborhood crefor public, no foates mistrust, concerns
about green gentriﬁcation cus for restoration

Fort Branch Creek at 51st Street, SUSE5 participants recognized that narrow objectives and missions, which were limited to ﬂooding, erosion, and water quality, were a barrier to
community involvement (Table 1). In contrast, community
members identiﬁed broader objectives of social equity. Here,
SUSE5 participants recognized that multifunctional and
equitable solutions (i.e., those that include both social and
ecological objectives) might require coordination of funds
and integration of goals among agencies with separate, nonoverlapping scopes and missions. Without clear protocols
or precedent, COA staff named this coordination among
agencies as a possible barrier to multifunctional solutions.
The structure of the bureaucratic processes (e.g., short
turnaround times between proposing and completing a project) and requirements for project contracting (e.g., permit
applications, budget restrictions) can exclude proposals
championed by community groups that do not have prior
restoration contracting experience (Taylor and de Loë 2012).
Project proposals from professionals who are already familiar with the competitive process for contracting typically
have an advantage over the recommendations of residents
(Anguelovski et al. 2019). Further, requirements to consider
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Figure 2. The actions envisioned in this paper (center circle) may help overcome barriers to meaningful community involvement.
Actions occur in clockwise order, from understand and empathize (A), unify through dialog (B), plan jointly (C), and implement together
(D). By beginning the process with understanding and empathy, stream restoration projects may overcome barriers involving trust and
power differentials, creating trusting relationships that endure and facilitate subsequent actions. Other barriers, like distribution of funding
to promote community involvement, may be overcome through deliberate institutional commitment to plan jointly with communities on
how and where limited funds are spent. See Table 2 for related actions that can be taken to overcome these barriers. See the online edition
for a color version of this image.

cost–beneﬁt analyses may preclude incorporation of multidimensional goals, particularly where nonﬁnancial costs and
beneﬁts are difﬁcult to quantify. In addition to these constraints, common (and typically the only) practices used by
governments for soliciting community stakeholder knowledge and engagement (e.g., town hall meetings) may be
ill-suited to identify or achieve multiple goals (Moran et al.
2019). Finally, although hiring a hyperlocal workforce may
provide direct economic beneﬁt to the local community
(as was proposed by the transdisciplinary group in the Fort
Branch Creek at 51st Street case study), procurement rules,
such as liability insurance and trade certiﬁcations, may create barriers to hiring a local workforce for project implementation. Eric Paulus reﬂects on the SUSE5 meeting:
“As a community member and leader of a grassroots environmental organization trying to advocate for watershed improvements, I not only don’t see any way to have
a seat at the table, but I don’t even know what room or
even building the table is at. I have no doubt this is by
design and the impetus is on city departments to change
this if they are serious about equity and inclusion.”

Limited resource availability and allocation
Availability, access, and allocation of resources, such as
time, money, and space, can generate barriers to equitable
and representative involvement of the community in stream
restoration. Funds for stream restoration projects may be
allocated to achieve a speciﬁc objective (e.g., habitat restoration, ﬂood control, health hazards) that limits engagement to
those with single-objective professional expertise. Although
professional expertise is valuable, setting speciﬁc objectives
too early in the process may limit opportunities to involve
community members with place-based knowledge and a
broader perspective of social needs who may provide unique
perspectives and additional objectives (Anguelovski et al.
2020). Limited funding can further constrain the scope of
a project and reduce participation by community groups.
For example, lack of ﬁnancial compensation for community
participation in the planning process may exclude potential
stakeholders who are unable to undertake unpaid work
(Travaline et al. 2015). Similarly, community members
(especially in underserved neighborhoods) who are voluntary participants may not have the time, availability, or capacity to attend planning meetings or participate in other
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meaningful ways (Larson and Lach 2010, Travaline et al.
2015). Meaningful community engagement is time consuming (Travaline et al. 2015), and compressed project timelines
that encourage a streamlined process may preclude broad
participation for the sake of simplicity and speed.
Space in which to implement projects can be a constraint,
particularly in older, densely developed neighborhoods or
highly urbanized settings. The acreage needed to implement
stream restoration projects, and green-and-blue infrastructure more broadly, may be at a premium in cities (Kenney
et al. 2012). In the Boggy at Cherrywood case study, participants identiﬁed stream restoration solutions that would
provide accessible, appealing greenspaces as severely limited
by available space (Table 1). Yet even the parcels acquired
and used for stream restoration projects to meet multifaceted
ecological and community needs may be chosen for their convenience, availability, and cost rather than their ideal locations
(Moran 2007), which can further discourage participation (or
engender outright hostility) by community members.
Across all case studies, SUSE5 participants noted that a
lack of resources limited community participation in developing goals, and a lack of space limited proposed solutions.
Some groups, in acknowledgement of this key barrier to
multifunctional stream restoration, presented portfolios
of potential solutions organized primarily by the amount
of money or time required to implement them. Carrie
Thompson reﬂects on the SUSE5 meeting:
“. . . doing this work with true engagement as a goal
will require an outlay of resources and the addition
of different kinds of staff or long-term contractual
partner support, but it is doable! The Feds have been
doing embedded scientiﬁc engagement since the Dust
Bowl, and there is no reason that these successful rural strategies can’t be deployed in an urban setting.”
Trust and power differentials
Differential power and lack of trust among participants
can create barriers that prevent people from working together
to address urban stream problems (Bos and Brown 2015).
This lack of trust can be exacerbated by a lack of pre-existing
relationships between community members and agency staff
(Mould et al. 2020). At SUSE5, community members expressed reluctance to trust representatives of municipal government because the time and effort required for their participation had not previously led to tangible results. During the
Country Club East at Monsanto case-study discussion, community members expressed frustration that the COA was not
prioritizing local ﬂooding projects because solutions were
likely complex and costly. Participants also expressed concerns that ecologically based restoration projects may increase property values and displace their communities (i.e.,
green gentriﬁcation; Table 1) or that these projects are being
considered only because the city listens to the voices of newer,
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whiter, and more afﬂuent neighbors. These were not the
opinions of all community participants, but these examples
suggest that lack of trust between these communities and
institutions could imply barriers to inclusive and equitable
stream restoration.
When citizen involvement amounts only to empty ritual (sensu Arnstein 1969) rather than granting meaningful
power in the planning process, the bias in power dynamics
may create an environment where some voices are heard
more clearly than others (Taylor and de Loë 2012). Ceding
power of environmental managers and planners to community members, such as through formation of joint committees with real decision-making power or delegation of
control to resident-led groups, is critical to community involvement (Arnstein 1969). However, such power shifts
may conﬂict with institutional structures and expectations,
personal biases, or solutions optimized for anticipated technical beneﬁts (Pahl-Wostl 2006, Anguelovski et al. 2020).
When discipline experts and power brokers distrust or ignore place-based knowledge in restoration planning, they
impede meaningful involvement by community stakeholders
and, thus, diminish the ultimate beneﬁt to local communities
(Larson and Lach 2010, Taylor and de Loë 2012, Travaline
et al. 2015). Community representative Eric Paulus reﬂects
on the SUSE5 meeting:
“To be honest the process [SUSE5 meeting] felt to me
like an empty ritual as I had high hopes the issues we
looked at in Montopolis [Monsanto Case Study] would
be addressed following the meeting. In the 2 years
since, nothing has come of it, and with all the landgrabbing now happening in the neighborhood, I imagine equitably addressing the issues would be even
harder to achieve than before. At the time, it wasn’t
clear to me that the symposium was, in fact, a ritual,
and I left with the expectation we had created something actionable. So, it was disappointing for me. At
the same time, I do not regret participating, and learned
a little about how city staff and planners operate.”
Differences in deﬁnition
Finally, disparate and disconnected conceptualizations of
urban stream problems among stakeholders with different
backgrounds and perspectives may create barriers that can
be difﬁcult to identify (Rhoads et al. 1999). Participants
found some instances when they talked past one another
because their conceptions of a meaningful or successful restoration differed. For example, some participants valued enhanced access to greenspace as part of successful multidimensional restoration, whereas others expressed concern
that this could lead to gentriﬁcation and inequity.
Beyond the planning process, differences in how stakeholders recognize, measure, prioritize, value, and compare
outcomes or how they deﬁne ultimate success may impede
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the community-powered stream restoration essential for
achieving sustainable outcomes (Pahl-Wostl 2006). Success
in urban stream restoration is subjective and multidimensional
(Yocom 2014). Failing to recognize that different people, institutions, or communities may view the same project as a
success or a failure, according to their own conceptions and
goals, presents a potential barrier to equitable urban stream
restoration (Anguelovski et al. 2020). For example, ecologists
suggested diversity of aquatic macroinvertebrates as a benchmark of successful restoration, but this was a relatively low
priority for non-ecologists.
In another example, the community participants in the
Boggy Creek at Jain Lane case study were critical of COAproposed solutions. Although they acknowledged that the
recommended channelization of Boggy Creek could indeed
solve ﬂooding for many residents, they noted that ﬂood projects that retain more natural features and public access were
more common in more afﬂuent areas in the city; without
them, the Boggy Creek project would not be a success. Participants struggled to effectively deﬁne the problem and project
scope in a way that would integrate the disparate goals and
objectives of all stakeholders. This frustration was evidenced
by more variable ratings of the case study work effort by
groups with community members compared with groups

without them; however, participants across disciplines recognized that addressing these struggles could result in more
equitable outcomes, with solutions from transdisciplinary
teams ranking the highest (Bixler et al. 2022). Community
representative Celine Rendon reﬂects on the SUSE5 meeting:
“I felt like I was informed pretty well before entering the
space and felt comfortable sharing my thoughts or pushing back on ideas I thought that were missing context
from environmental justice history. Some of the sessions did feel a bit jargony, and I would have loved to
see maybe some virtual models to describe what people
were talking about as it relates to stream restoration.”

A V I S I O N F O R C O M M U N I T Y- P OWE R E D U R BAN
S T RE AM RE S TORAT I ON
Approaches to community and stream restoration
We propose that different approaches to restoration may
result in different outcomes, depending on the timing and involvement of different stakeholder groups (Fig. 3A–E). Restoration focused purely on social goals (e.g., racial justice,
job growth, affordable housing, safety)—here termed community restoration (Fig. 3A)—may be driven by community

Figure 3. Diagram of 4 common routes of decision making (A–D), which ultimately use less-efﬁcient collaborative methods, and
our proposed vision for shifting degraded urban ecosystems to sustainable resilient ecosystems via institution–community integration
(E), creating a more-efﬁcient decision-making pathway. See the online edition for a color version of this image.
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decision makers and may be largely independent of stream
conditions (Sousa and Rios-Touma 2018). However, ignoring
environmentally relevant issues (e.g., ecological stream degradation) through this pathway can nonetheless affect human
communities, contributing to disease, safety issues, loss of
landscape values, and opportunity costs that can undermine
other community restoration activities (Sousa and RiosTuomo 2018, Pascual-Benito et al. 2020).
At the other end of the spectrum of restoration goals—
biophysical stream restoration (termed simply stream restoration; Fig. 3B)—projects are developed by institutional decision
makers with a focus on modifying instream conditions (e.g.,
stream stabilization, ﬂood control, aquatic life improvement),
and incorporating the input and concerns of local communities may be rare (e.g., Hawley 2018). Billions of public US dollars have been spent on biophysical stream restoration without
addressing social goals (Bernhardt et al. 2005), even though
omitting social goals can create inefﬁciencies and contribute
to failure to address all the diverse drivers of watershed degradation (Christian-Smith and Merenlender 2010). Projects that
do not integrate community values or build on community engagement can lead to inappropriate, nonfunctional, or failed
stream restoration with poor long-term outcomes (Eden and
Tunstall 2006, Murphy et al. 2022).
Although the goals of improved outcomes through
community-driven and biophysical stream restoration can
be pursued independently, we propose that the resulting urban stream ecosystems will be most sustainable and resilient
if they include both societal and environmental considerations (Fig. 3E; Smith et al. 2014). There can be multiple pathways to achieve this outcome. For example, communities
could focus on community restoration (Fig. 3A) by making
efforts to create affordable housing without considering environmental resource impacts. Once housing is built, communities could work with agency managers to mitigate negative
impacts of new impervious cover on streams to improve resource values (Fig. 3C). Alternatively, institutional interests
may initiate a program for stream restoration (Fig. 3B) and
later engage the community to deﬁne community goals within
the established process (Fig. 3D). This latter example is the
traditional framework of stream restoration, which embraces
a technology-expert approach focused on the mission of the
implementing institution with little or no direct non-expert
public participation in the process (e.g., Bernhardt and Palmer
2007, Palmer et al. 2014).
The most direct route to successful stream restoration,
however, may be transdisciplinary and community-powered
stream restoration (i.e., Fig. 3E) that involves institutional
and community collaboration in each step of the restoration
effort. Following this path, institutions and communities
work together to merge diverse types of place-based, cultural,
and technical knowledge. Implementation then integrates
community and environmental restoration actions. Under
this approach, community members work with institutions
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to simultaneously address social and environmental challenges, endeavoring to avoid negative impacts to communities and ecosystems through restoration work.
Given that institutions with ﬁnancial resources typically
initiate restoration planning, we offer ideas on how to integrate the community’s perspective, voices, ideas, and
knowledge into that process to facilitate a balanced approach (see next section). The resulting stream ecosystem
may still require maintenance because it is embedded in an
urban landscape matrix that exerts complex pressures (e.g.,
Blecken et al. 2017). However, by combining environmental
and social aspects from the initial framing of the problem in
need of remediation, the resulting stream may be better
adapted to changing environments and, thus, may be more
sustainable and resilient to urban and social stressors. Research
that compares the process and outcomes of communitypowered stream restoration (Fig. 3E) to more indirect pathways could validate this approach.
We also recognize that a one-size-ﬁts-all approach to
community engagement in stream restoration may sometimes be infeasible and potentially counterproductive. Taylor
(2005) suggests that the scope and investment (in terms of
time and effort by both the institution and stakeholders)
may be scaled by the degree of ﬁnancial, environmental, social, and political risk posed by the project. A disciplined approach to assess these risks, a priori, could facilitate more
efﬁcient implementation of low-risk projects, allowing preferential allocation of resources to high-risk projects. Such
an approach may have the added advantage of reducing the
potential for stakeholder fatigue, where the community becomes tired of large and repeated demands on their time.

Actions to improve restoration practice
We offer 4 actions that could better involve communities
in the development of stream restoration projects in pursuit
of community-powered urban stream restoration: 1) understanding and empathy among all stakeholders, 2) unifying diverse voices through dialog, 3) jointly planning a set of discrete
actions, and 4) implementing solutions together (Fig. 2A–D).
We propose that initiating these actions in sequence, and
continuing them in parallel, may help overcome barriers to
community involvement in stream restoration by building
trust and meaningful partnerships between diverse institutions and the many facets of community. Evaluating the efﬁciency of these 4 actions for improving community involvement in urban stream restoration could lead to improved
outcomes. Omission of any actions, or foregoing the engagement of strong community stakeholders, may compromise
the integrity of community or stream restoration outcomes
(Crawford et al. 2017).
These actions are offered as generalized guidance rather
than prescriptive steps because the appropriate tools, methods, and applications may be most effective when tailored
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to the local social–ecological context. Below, we describe each
action and suggest options and examples for restoration practitioners to consider (Table 2).

Understand and empathize The ability to appreciate the
feelings of different people working together on streammanagement projects can be reached by being open, exploratory, and divergent in discussions and interactions. Deeper
understanding and empathy among participants from institutions and communities may help develop trust and create
a collaborative environment, particularly if the community’s
feedback is integrated into the decision-making process.
Understanding the community implies listening to and

learning about its people’s culture, history, stories, values,
concerns, hopes, aspirations, ideas, and dreams. Through
those narratives, water managers and institutions may learn
the motivations and values that may trigger support, apathy,
or rejection of proposed actions. A culture of understanding
may help identify and acknowledge the history and legacies
that can weigh heavily on the community. These legacies
may be powerful drivers of how a project is viewed and
whether the project can even achieve its intended goals.
For example, in the Fort Branch Creek at 51st Street case
study, the transdisciplinary team discussed the importance
of listening to the history of Black and Latino community
members who have lived in the neighborhoods within the
basin: how they connect, if at all, to the creek running along

Table 2. Key engagement process components that may help overcome barriers and achieve better urban stream and ecosystem
outcomes.
Actions to take

Examples of actions

Understand and empathize

Listening sessions
Cartoon drawing, storytelling
Coffee conversations
Perennial relationships before the project occurs
Learning the community’s narrative and stories
Joint ﬁeld visits to see sites and discuss problems together

Unify through dialog

Vision statement
Focused team—A small team of individuals representative of various constituencies and perspectives
who have the time or resources to meet and think deeply about a plan or project
Advisory board—Representatives who have less time or resources to think deeply but who can objectively engage and evaluate at key milestones
Broader organizing platforms—Canvassing, surveying, public meetings, etc. to facilitate a transparent
process and ensure the ideas from the smaller group are representative of the broader community.
One might envision cases where broad platforms may circumvent the need for focused-team input
altogether

Plan jointly

Iterative expert-citizen methods
Regular meetings with small teams
Milestone meetings with advisory board
Focus groups
Community workshops
Outreach via community networks (e.g., churches, schools, neighborhood groups, etc.)
Social media
Surveys and canvassing
Traditional National Environmental Policy Act-style planning (decide, announce, defend)
Deep engagement with a highly structured process such as structured decision making
Shallow but highly democratic engagement, such as a design competition or vote

Implement together

Traditional operations and maintenance (long term and perennial)
Adaptive management with representative structure
Citizen monitoring and agency action
Citizen-supervised operational committee (big projects only)
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their backyards and how their thoughts about the channelized vs more natural creek sections may affect their engagement in restoration of the creek.
Unify through dialog Bringing together disparate views
into a shared vision that identiﬁes what is most important
and actionable does not require a consensus opinion. Rather,
it encourages concessions and acceptance of a shared path
forward—even if the path does not resolve all issues. Converging conversations can bring people together around priorities, possibilities, resources, and the scope and scale of the
project, in addition to opening perspectives to alternative
suitable options. These conversations can help identify how
agency, community, and technical stakeholders could be
involved, reveal knowledge and resource gaps, and identify
partners who may help ﬁll those gaps. As these alliances
are built, mutual understanding can help develop and maintain connectivity, illuminate beneﬁts, costs, and opportunities, and provide a safe environment where stakeholders
can work together through successes and failures while
acknowledging where they may accept compromises. In the
case of the Boggy Creek at Jain Lane case study, creating a safe
crossing for students was a priority for community members,
whereas a trail system connecting north and south sections
of the creek was important for the COA transportation department. In this example, community use of the undeveloped parkland that sits between the students’ school and
the creek could engage the parks department, bringing a key
stakeholder to the table, and a holistic approach to stream restoration could provide the impetus for integrating different
priorities and potential partners into a uniﬁed process. Community representative Frances Acuña reﬂects on the SUSE5
meeting:
“Participating in this meeting took me to another
level of understanding. The different groups and their
projects taught me that no matter what level of education one has, the expertise one brings to the table is
unique whether it comes from the most highly educated
person or the most humble and vulnerable person in
the room. It was a little shocking to realize that in the
times that we live, we still lack cultural knowledge and
community understanding.”

Plan jointly Joint planning can help clarify and document
the responsibilities, deliverables, and schedules of an urban
stream restoration project. The planning process, particularly
its transparency and equity, helps to establish expectations
and keep communication channels open and ﬂowing. As
with the other actions, active participation of all relevant
stakeholders throughout the process can lead to more buyin and, ultimately, greater project success (Smith et al.
2016). Effective planning processes begin with a uniﬁed
problem statement, followed by identifying fundamental ob-
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jectives and actions that address those objectives (Gregory
et al. 2012). The planning process may be iterative, revisiting the problem and objectives as stakeholders weigh alternatives and ensure all concerns are addressed. The Boggy
Creek at Cherrywood case study exempliﬁed the importance of integrating stakeholders into the planning process
early because of its complex mix of drivers and barriers.
The initial project driver of ﬂood complaints was set aside
because of participants’ interest in erosion, Escherichia coli
contamination, and ecological restoration, each of which
had its own strong advocate. The barriers of the project
were also varied—costs, railroad lines, an interstate highway, buried utilities, and conﬂicting neighborhood plans—
the combination of which highlighted the need for a comprehensive and uniﬁed plan for advancing solutions. Eric
Paulus reﬂects on the SUSE5 meeting:
“I know people who actively advocate against improvement projects like creek restorations, trails,
etc. because they know it’s either a result of or harbinger of gentriﬁcation. They aren’t wrong. I would like
to see investments made to ensure creeks are clean
and functional rather than these enormously expensive, elaborately designed amenities and redevelopment projects.”

Implement together This action involves putting restoration plans into effect, including project delivery and ongoing adaptive management and education/outreach after
the project is completed. This phase can be an opportunity
for deep community engagement and buy-in; however, it
can also result in trust loss if communities are excluded (Dyer
et al. 2014, Anguelovski et al. 2020). SUSE5 attendees and
moderators identiﬁed accountability and a commitment to
transparency as critical components of co-implementation.
The implementation phase may take a wide range of pathways, depending on scope and scale of the project, but a
well-established, transparent decision-making structure and
process with a mutually agreed-upon schedule and funding
plan as well as opportunities for engagement of all parties
may help ensure success. Opportunities to hire community
members to execute and steward restoration (e.g., public outreach, interpretative creek walks, educational outreach to
schools, tree planting, revegetation, and invasive species control) can have direct and indirect long-term beneﬁts, leading
to increased acceptance of such programs in the US (e.g.,
Project Groundwork, https://www.groundworkproject.
com). Building ﬂexibility and adaptability into the implementation phase may allow for stakeholders to understand
and support alternative actions and responses if implementation does not go as planned. The Fort Branch Creek at
51st Street transdisciplinary group discussed multiple opportunities where the implementation of the project could provide economic opportunity for the neighborhood, beyond just
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the COA’s consultants and contractors. Frances Acuña reﬂects on the SUSE5 meeting:
“This [workshop] opened my eyes to why there is always a disconnect between city and community’s
trust and understanding between each other. Since
this meeting, I started changing my strategies when
working with the city and with community leaders.”

S T R AT E G I E S F O R SU C C E S S F U L I M P L E M E N TAT I O N
Diverse community representation in stakeholder-driven
decision making may face several of the barriers previously
discussed. Here, we explore some strategies for overcoming
those barriers by implementing 1 or more of the above actions we have identiﬁed to improve restoration practice. This
discussion is neither exhaustive nor prescriptive, but our collective experience from the SUSE5 case studies illustrates
some successful strategies for addressing the barriers challenging a given project. These strategies would beneﬁt from
further research to test and validate their effectiveness, more
broadly, in overcoming barriers to community involvement
in stream restoration. We believe, however, that they offer a
useful framework for making immediate progress.
Intentional engagement
Institutions must clearly and transparently commit to social engagement in order to overcome barriers to trust and
understanding. Agencies may have staff with facilitation
and engagement expertise who can assist with communication between engineers, ecologists, and community members, and they must prioritize and formalize this practice.
Proactively and consistently building long-term trusted relationships can be critical to the engagement between community and institutions in environmental endeavors (Bos
and Brown 2015). If performance indicators that recognize
and reward community collaboration are established at the
outset, they may reduce the primacy of purely technical outcomes while enhancing the likelihood of broadly supported
and sustainable outcomes.
Achieving meaningful engagement of a diverse mix of
communities (Usher et al. 2021) may require substantial time
investment from both institutions and citizen participants.
Community stakeholders may lack technical training in
stream ecology and urban engineering that could limit their
participation (Crawford et al. 2017). However, practitioners
with technical expertise working alongside (and training)
community members may achieve greater community involvement through iteration and increased local skills, ultimately increasing community members willingness to trust
and engage with these agencies (Bos and Brown 2015). Deep
community engagement in the co-design of stream restoration
may, thus, prove to be a long-term investment with valuable
long-term beneﬁts, albeit high initial costs (Bice et al. 2019).

Appropriately compensating community volunteers for
their learning time, just as employees of the institutions
are, can also support engagement while contributing to resource equity and fairness. For example, a National Science
Foundation award (DEB-2012128) was used to provide stipends to community member attendees at SUSE5. Financial compensation of community members also demonstrates that community perspectives are valued and, thus,
may further promote trust and empathy.
Additional beneﬁts accrue from genuine community engagement. These may include the resources that engaged
stakeholders will bring. In addition to the potential for voluntary labor in restoration, strong community engagement
may, for example, increase access to funding from other
agencies to support secondary beneﬁts (i.e., beyond ecological restoration) to the community, such as recreation, urban
microclimate amelioration, crime-reducing landscapes, or
ﬂood mitigation. Overall, we suggest that intentional engagement is a prerequisite for implementing any of our identiﬁed actions to improve restoration practice. Celine Rendon
reﬂects on the SUSE5 meeting:
“I truly believe community stewardship is foundational
to ensure positive environmental and social health
outcomes. I do think multiple perspectives are necessary, and that professionals in this work should talk
to, not at, people in the community where this work
is needed. I also think more context [is required] of
how watershed management has totally devastated
some of the natural streams and rivers in communities where low-income folks and people of color live.
How do we ensure we address the harm that has been
caused? How do we use that analysis to inform better relationship building with people in these communities?

Diversity of perspectives
With community engagement, a more diverse and creative range of priorities can emerge in planning and decision
making (Smith et al. 2016, Hawley 2018, Campbell-Arvai
and Lindquist 2021). Although such diversity can offer the
potential to discover innovative options, its inclusion can also
cause delays and may create frustration from participants, albeit for different reasons. For example, those planning participants who consider themselves to be pragmatic may understand that not all creative approaches are practical. In
addition, community perspectives and priorities can themselves be diverse, providing further potential for complexity
and conﬂict even among different community participants
(Anguelovski et al. 2020).
As noted by many of our community participants and collaborating reviewers with Indigenous heritages, many Indigenous cultures see no separation between human communities and natural ecosystems (e.g., Djiniyini 1985, Booth 2008,
Chen et al. 2016). Although integrating these diverse and
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potentially diametric perspectives may be challenging, methods
for capitalizing on and guiding divergent thinking are well established in ﬁelds as varied as education, arts, and business
(Beaty and Silvia 2012, Zhang et al. 2020). Involving Indigenous cultures in river restoration not only offers the potential
to redeﬁne relationships with Indigenous communities but
also may provide a connection to the powerful local knowledge of landscapes and river systems that these communities
possess (Fox et al. 2017, McMillen et al. 2020). Building the
trust necessary for this Indigenous knowledge to be shared,
however, may require careful attention to the relationships
between institutions, Indigenous groups, and broader society
to overcome the barriers arising from trust and power differentials (Burnette and Sanders 2014, Jackson 2019).
Training for all
The most successful examples of community-powered
stream restoration actions occur where community members
and technical experts have speciﬁc engagement training that
allows them to more effectively participate in the process
(Cuthill and Fien 2005). Ensuring that the project plan allows for this engagement also has the beneﬁt of building
trust (Jami and Walsh 2017), which can facilitate participation not only for the speciﬁc project at hand but also for
subsequent projects.
Ultimately, investing in direct engagement of personnel
and prioritizing skills and training for institutional staff
may facilitate these deeper relationships that can create trust
among participants, particularly where training and capacitybuilding programs are tailored to their community. For
example, training in recognizing implicit bias and understanding land-use history, development and displacement
practices, disenfranchisement, disservices, ﬁnancial inequality, and historic and contemporary land-ownership dynamics may increase empathy of individual staff and help to
build trust with the community (Wang et al. 2021) as well
as inﬂuence institutional and project objectives. This improved understanding can help overcome barriers of mistrust and misunderstanding between institutions and the
community.
Mutual learning can be key to helping both community
members and institutional experts make the most of the opportunities resulting from engaged stakeholder processes. A
commitment to mutual learning may require contribution
of resources from all parties that go beyond conventional outreach and education efforts, including openness to the mechanisms, challenges, and opportunities of working together.

Transparent decision making
A transparent decision-making approach may minimize
the risk of potential disagreements in desired outcomes and
address conﬂicts if they do arise. Such transparency may be
important for gaining consensus with all project stakeholders
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in the ﬁnal selected set of goals. By its very nature, genuine
engagement can initially create uncertainty about the ﬁnal
outcomes because the outcomes cannot, by deﬁnition, be
tightly deﬁned before the community is engaged and can
contribute to the project’s goals. The need for engagement
and transparency is particularly acute, however, where historical development practices, such as lack of or biased ﬂoodplain regulations, inadequate drainage designs, and insufﬁcient
maintenance, have contributed to contemporary ﬂooding issues. These practices disproportionately affect historically
underserved communities (Jain and Bazaz 2020, Moulds et al.
2021), and they leave a legacy of distrust that can only be
overcome with a genuinely engaged decision-making process. The Country Club East at Monsanto Drive case study
is an example of this legacy of underinvestment and inadequate infrastructure: the proposed solution was complex,
costly, and developed without community input, and the 3
SUSE5 community participants did not believe it addressed
their priorities.
C O N C LU S I O N
Collaboration is at the heart of community-powered
stream restoration efforts, but multiple barriers to achieving collaboration exist within most restoration programs.
Intentional examination of these barriers through the
SUSE5 symposium has led us to a proposed vision for guiding institutions to overcome these barriers and address the
interests of the community through collaboration (Fig. 3A–
E). Implementation of this vision will require intentional
engagement, allowing participants in stream restoration
projects to understand and empathize with different points
of view and priorities, unify disparate groups of institutional
and community stakeholders, jointly plan with shared decision making to achieve equitable outcomes, and implement
together to establish long-term trusting relationships and
continued partnerships.
We recognize the real difﬁculties that individuals and institutions may have with a community-driven approach to
restoration, which can change existing power structures
and the internal processes that many agencies may use to
identify and implement stream restoration projects. Early efforts could potentially yield conﬂict and reticence from communities who perceive that their power and trust in institutions have been eroded. Successful collaborations may need
to begin with a recognition of the diverse challenges involved
and with institutions fostering the willingness to transform
their structures to facilitate community participation. In the
end, however, restoration that involves human communities
may be essential to achieving ecological improvement. Additional research that compares the outcomes of traditional
and community-powered stream restoration is needed to
conﬁrm this approach; nonetheless, our experience at SUSE5
leads us to the conclusion that the more communities are woven into restoration decisions and actions, the more sustainable
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and resilient the stream ecosystems and their human communities will be. Frances Acuña reﬂects on the SUSE5 meeting:
“I believe this paper can help researchers, scientists,
and highly educated people to understand the complexity and the importance of community integration.
This opened my eyes to why there is always a disconnect between city and community’s trust and understanding between each other.”

AC K N OWL E D G E M E N T S
Author contributions: MS conceived and led the manuscript in
collaboration with AHR, AG, RJH, RLH, KGH, and MLF; AHR,
RLH, RJH, and MLF each coordinated writing of a section of the
manuscript; DBB oversaw integration of the full manuscript. All
other authors contributed to the writing and review of the manuscript, and all authors were moderators or co-moderators of the
5th Symposium on Urbanization and Stream Ecology (SUSE5)
case-study teams.
The very process of writing this manuscript was not only an
international collaboration of urban stream researchers and managers but also a deep engagement with community representatives
of Austin, Texas, USA. Community members gave their time at
the SUSE5 conference and provided extremely valuable reviews
of earlier versions of this manuscript. We speciﬁcally thank
Frances Acuña, Sarah Dooling, Eric Paulus, Celine Rendon, Rebecca Batchelder, Carrie Thompson, and Marisa Perales. We also
thank all the SUSE5 attendees and sponsors, including the National Science Foundation (Award DEB-2012128) and the City
of Austin. Publication costs were covered by an award from the
Society of Freshwater Science’s Endowed Publication Fund (https://
freshwater-science.org/publications/endowed-publication-fund).
Finally, we thank organizers of the special series in Urban Ecosystems
and Freshwater Science, their editors, and 3 anonymous reviewers.
Any use of trade, ﬁrm, or product names is for descriptive purposes
only and does not imply endorsement by the United States Government. The views and conclusions represent the views solely of the
authors and do not necessarily represent the views of the City of
Austin, King County, or the United States Army Corps of Engineers.

L I T E R AT U R E CI T E D
Anguelovski, I., A. L. Brand, J. J. T. Connolly, E. Corbera, P.
Kotsila, J. Steil, M. Garcia-Lamarca, M. Triguero-Mas, H.
Cole, F. Baró, J. Langemeyer, C. Pérez del Pulgar, G. Shokry,
F. Sekulova, and L. Argüelles Ramos. 2020. Expanding the
boundaries of justice in urban greening scholarship: Toward
an emancipatory, antisubordination, intersectional, and relational approach. Annals of the American Association of Geographers 110:1743–1769.
Anguelovski, I., C. Irazábal-Zurita, J. J. T. Connolly. 2019.
Grabbed urban landscapes: Socio-spatial tensions in green infrastructure planning in Medellín. International Journal of Urban and Regional Research 43:133–156.
Arnstein, S. R. 1969. A ladder of citizen participation. Journal of
the American Institute of Planners 35:216–224.
Baker, S., K. Eckerberg, and A. Zachrisson. 2014. Political science
and ecological restoration. Environmental Politics 23:509–524.

Basak, S. M., M. S. Hossain, J. Tusznio, and M. GrodzińskaJurczak. 2021. Social beneﬁts of river restoration from ecosystem services perspective: A systematic review. Environmental
Science and Policy 124:90–100.
Beaty, R. E., and P. J. Silvia. 2012. Why do ideas get more creative
across time? An executive interpretation of the serial order effect in divergent thinking tasks. Psychology of Aesthetics, Creativity, and the Arts 6:309–319.
Bell, S., H. Graham, and P. C. L. White. 2020. Evaluating dual ecological and well-being beneﬁts from an urban restoration
project. Sustainability 12:695.
BenDor, T. K., A. Livengood, T. W. Lester, A. Davis, and L.
Yonavjak. 2015. Deﬁning and evaluating the ecological restoration economy. Restoration Ecology 23:209–219.
Bernhardt, E. S., and M. A. Palmer. 2007. Restoring streams in an
urbanizing world. Freshwater Biology 52:738–751.
Bernhardt, E. S., M. A. Palmer, J. D. Allan, G. Alexander, K.
Barnas, S. Brooks, J. Carr, S. Clayton, C. Dahm, J. FollstadShah, and D. Galat. 2005. Synthesizing US river restoration efforts. Science 308(5722):636–637.
Bice, S., K. Neely, and C. Einfeld. 2019. Next generation engagement: Setting a research agenda for community engagement
in Australia’s infrastructure sector. Australian Journal of Public Administration 78:290–310.
Bixler, R. P., J. A. Belaire, K. M. Faust, M. Scoggins, and A. González. 2022. Exploring the connection between transdisciplinary co-production and urban stream sustainability solutions:
A case study at an urban stream management symposium. Urban Ecosystems.
Blecken, G.-T., W. F. Hunt III, A. M. Al-Rubaei, M. Viklander,
and W. G. Lord. 2017. Stormwater control measure (SCM)
maintenance considerations to ensure designed functionality.
Urban Water Journal 14:278–290.
Booth, A. L. 2008. Environment and nature: The natural environment in Native American thought. Pages 703–914 in H. Selin
(editor). Encyclopaedia of the history of science, technology,
and medicine in non-western cultures. 2nd edition. Springer,
Dordrecht, The Netherlands.
Booth, D. B., A. H. Roy, B. Smith, and K. A. Kapps. 2016. Global
perspectives on the urban stream syndrome. Freshwater Science 35:412–420.
Bos, D. G., and H. L. Brown. 2015. Overcoming barriers to community participation in a catchment-scale experiment: Building trust
and changing behavior. Freshwater Science 34:1169–1175.
Burnette, C. E., and S. Sanders. 2014. Trust development in research with Indigenous communities in the United States.
Qualitative Report 19:44.
Campbell-Arvai, V., and M. Lindquist. 2021. From the ground up:
Using structured community engagement to identify objectives for urban green infrastructure planning. Urban Forestry
and Urban Greening 59:127013.
Chakraborti, L., and J. P. Shimshack. 2022. Environmental disparities in urban Mexico: Evidence from toxic water pollution.
Resource and Energy Economics 67:101281.
Chen, C., C. D. Meurk, H. Cheng, M. Lv, R. Chen, and S. Wu.
2016. Incorporating local ecological knowledge into urban riparian restoration in a mountainous region of Southwest China.
Urban Forestry and Urban Greening 20:140–151.
Christian-Smith, J., and A. M. Merenlender. 2010. The disconnect between restoration goals and practices: A case study

Volume 41

of watershed restoration in the Russian River basin, California.
Restoration Ecology 18:95–102.
Crawford, B. A., R. A. Katz, and S. K. McKay. 2017. Engaging
stakeholders in natural resource decision-making. Report
ERDC/TN EMRRP-SR-83. Environmental Laboratory, Engineer Research and Development Center, Vicksburg, Missouri.
Cuthill, M., and J. Fien. 2005. Capacity building: Facilitating citizen participation in local governance. Australian Journal of
Public Administration 64(4):63–80.
Deffner, J., and P. Haase. 2018. The societal relevance of river restoration. Ecology and Society 23(4).
Delleur, J. W. 2003. The evolution of urban hydrology: Past, present, and future. Journal of Hydraulic Engineering 129:563–573.
Djiniyini, T. 1985. The land is my mother. Aboriginal and Islander
Health Worker Journal 9(2):6–7.
Doyle, M. W., and F. D. Shields. 2012. Compensatory mitigation
for streams under the Clean Water Act: Reassessing science
and redirecting policy. Journal of the American Water Resources Association 48:494–509.
Dyer, J., L. C. Stringer, A. J. Dougill, J. Leventon, M. Nshimbi, F.
Chama, A. Kafwifwi, J. I. Muledi, J. M. Kaumbu, M. Falcao,
and S. Muhorro. 2014. Assessing participatory practices in
community-based natural resource management: Experiences
in community engagement from southern Africa. Journal of
Environmental Management 137:137–145.
Eden, S., and S. Tunstall. 2006. Ecological versus social restoration?
How urban river restoration challenges but also fails to challenge the science–policy nexus in the United Kingdom. Environment and Planning C: Government and Policy 24:661–
680.
Elmore, A. J., and S. S. Kaushal. 2008. Disappearing headwaters:
Patterns of stream burial due to urbanization. Frontiers in
Ecology and the Environment 6:308–312.
Fox, C. A., N. J. Reo, D. A. Turner, J. Cook, F. Dituri, B. Fessell, J.
Jenkins, A. Johnson, T. M. Rakena, C. Riley, and A. Turner.
2017. “The river is us; the river is in our veins”: Re-deﬁning
river restoration in three Indigenous communities. Sustainability Science 12:521–533.
Gregory, R., L. Failing, H. Harstone, G. Long, T. McDaniels, and
D. Ohlson. 2012. Structured decision making: A practical
guide to environmental management choices. John Wiley &
Sons, Hoboken, New Jersey.
Gupta, D. S., and M. Verma. 2017. Causes of water pollution and
environmental planning in the river Kharkai, Jamshedpur,
Jharkhand. International Journal of Research in Engineering,
Technology, and Science 7:2454–1915.
Hale, R. L. 2016. Spatial and temporal variation in local stormwater
infrastructure use and stormwater management paradigms over
the 20th century. Water 8:310.
Hawley, R. J. 2018. Making stream restoration more sustainable:
A geomorphically, ecologically, and socioeconomically principled approach to bridge the practice with the science. BioScience 68:517–528.
Hawley, R. J. 2022. Expanding catchment-scale hydrologic restoration in suburban watersheds via stream mitigation crediting—
A Northern Kentucky (USA) case study. Urban Ecosystems
25:133–147.
Hobbie, S. E., and N. B. Grimm. 2020. Nature-based approaches
to managing climate change impacts in cities. Philosophical
Transactions of the Royal Society B 375:20190124.

September 2022

|

000

Hong, C.-Y., and H. Chang. 2020. Residents’ perception of ﬂood
risk and urban stream restoration using multi-criteria decision analysis. River Research and Applications 36:2078–2088.
Hong, C.-Y., H. Chang, and E.-S. Chung. 2018. Resident perceptions of urban stream restoration and water quality in South
Korea. River Research and Applications 34:481–492.
Jackson, S. 2019. Building trust and establishing legitimacy across scientiﬁc, water management and Indigenous cultures. Australasian
Journal of Water Resources 23:14–23.
Jain, G., and A. B. Bazaz. 2020. A multi-scalar approach for assessing costs and beneﬁts of risk reduction alternatives for
the people and the city: Cases of three resettlements in Visakhapatnam, India. Sustainability 12:5958.
Jami, A. A., and P. R. Walsh. 2017. From consultation to collaboration: A participatory framework for positive community
engagement with wind energy projects in Ontario, Canada.
Energy Research and Social Science 27:14–24.
Kenney, M. A., P. R. Wilcock, B. F. Hobbs, N. E. Flores, and
D. C. Martínez. 2012. Is urban stream restoration worth it?
Journal of the American Water Resources Association 48:
603–615.
Lammers, R. W., T. A. Dell, and B. P. Bledsoe. 2020. Integrating
stormwater management and stream restoration strategies for
greater water quality beneﬁts. Journal of Environmental Quality
49:569–581.
Larson, K. L., and D. Lach. 2010. Equity in urban water governance through participatory, place-based approaches. Natural
Resources Journal 50:407–430.
Lave, R. 2016. Stream restoration and the surprisingly social dynamics of science. Wiley Interdisciplinary Reviews Water 3:
75–81.
McMillen, H. L., L. K. Campbell, E. S. Svendsen, K. Kealiikanakaoleohaililani, K. S. Francisco, and C. P. Giardina. 2020.
Biocultural stewardship, Indigenous and local ecological knowledge, and the urban crucible. Ecology and Society 25:9.
Metcalf, E. C., J. J. Mohr, L. Yung, P. Metcalf, and D. Craig. 2015.
The role of trust in restoration success: Public engagement
and temporal and spatial scale in a complex social-ecological
system. Restoration Ecology 23:315–324.
Moran, S. 2007. Stream restoration projects: A critical analysis of
urban greening. Local Environment 12:111–128.
Moran, S., M. Perreault, and R. Smardon. 2019. Finding our way:
A case study of urban waterway restoration and participatory
process. Landscape and Urban Planning 191:102982.
Mould, S. A., K. A. Fryirs, and R. Howitt. 2020. The importance of
relational values in river management: Understanding enablers
and barriers for effective participation. Ecology and Society 25:16.
Moulds, S., W. Buytaert, M. R. Templeton, and I. Kanu. 2021.
Modeling the impacts of urban ﬂood risk management on social inequality. Water Resources Research 57:WR029024.
Murphy, B. M., K. L. Russell, C. C. Stillwell, R. Hawley, M. Scoggins,
K. G. Hopkins, M. J. Burns, K. T. Taniguchi-Quan, K. H.
Macneale, and R. F. Smith. 2022. Closing the gap on wicked urban stream restoration problems: A framework to integrate science and community values. Freshwater Science 41:XXX–XXX.
Naiman, R. J. 2013. Socio-ecological complexity and the restoration of river ecosystems. Inland Waters 3:391–410.
Nost, E., M. Robertson, and R. Lave. 2019. Q-method and the performance of subjectivity: Reﬂections from a survey of U.S.
stream restoration practitioners. Geoforum 105:23–31.

000

|

Community-powered urban stream restoration

M. Scoggins et al.

Pahl-Wostl, C. 2006. The importance of social learning in restoring the multifunctionality of rivers and ﬂoodplains. Ecology
and Society 11:10.
Palmer, M. A., K. L. Hondula, and B. J. Koch. 2014. Ecological restoration of streams and rivers: Shifting strategies and shifting
goals. Annual Review of Ecology, Evolution, and Systematics
45:247–269.
Parr, T. B., N. J. Smucker, M. W. Neale, and C. N. Bentsen. 2016.
Potential roles of past, present, and future urbanization characteristics in producing varied stream responses. Freshwater
Science 35:436–443.
Pascual-Benito, M., D. Nadal-Sala, M. Tobella, E. Ballesté, C.
García-Aljaro, S. Sabaté, F. Sabater, E. Martí, C. A. Gracia,
A. R. Blanch, and F. Lucena. 2020. Modelling the seasonal impacts of a wastewater treatment plant on water quality in a
Mediterranean stream using microbial indicators. Journal of
Environmental Management 261:110220.
Pulford, E., B. A. Polidoro, and M. Nation. 2017. Understanding
the relationships between water quality, recreational ﬁshing
practices, and human health in Phoenix, Arizona. Journal of
Environmental Management 199:242–250.
Rhoads, B. L., D. Wilson, M. Urban, and E. E. Herricks. 1999. Interaction between scientists and nonscientists in community-based
watershed management: Emergence of the concept of stream
naturalization. Environmental Management 24:297–308.
Rittel, H. W. J., and M. M. Webber. 1973. Dilemmas in a general
theory of planning. Policy Sciences 4:155–169.
Roy, A. H., S. J. Wenger, T. D. Fletcher, C. J. Walsh, A. R. Ladson,
W. D. Shuster, H. W. Thurston, and R. R. Brown. 2008. Impediments and solutions to sustainable, watershed-scale urban stormwater management: Lessons from Australia and
the United States. Environmental Management 42:344–359.
Smith, B., N. J. Clifford, and J. Mant. 2014. The changing nature of
river restoration. Wiley Interdisciplinary Reviews Water 1:249–261.
Smith, R. F., R. J. Hawley, M. W. Neale, G. J. Vietz, E. DiazPascacio, J. Hermann, A. C. Lovell, C. Prescott, B. RiosTouma, B. Smith, and R. M. Utz. 2016. Urban stream renovation: Incorporating societal objectives to achieve ecological
improvements. Freshwater Science 35:364–379.
Sousa, R. D., and B. Rios-Touma. 2018. Stream restoration in
Andean cities: Learning from contrasting restoration approaches. Urban Ecosystems 21:281–290.
Stanford, B., E. Zavaleta, and A. Millard-Ball. 2018. Where and
why does restoration happen? Ecological and sociopolitical
inﬂuences on stream restoration in coastal California. Biological Conservation 221:219–227.

SUSE5 (5th Symposium on Urbanization and Stream Ecology).
2020. SUSE5 program book. 5th Symposium on Urbanization
and Stream Ecology, Austin, Texas. (Available from: https://
www.urbanstreamecology.org/uploads/8/2/2/4/82249164
/suse5programbooklet_2020.02.10_hyperlinks.pdf )
Taylor, A. 2005. Guidelines for evaluating the ﬁnancial, ecological
and social aspects of urban stormwater management measures
to improve waterway health. Technical Report 05/11. Cooperative Research Center for Catchment Hydrology, Melbourne,
Australia. (Available from https://www.ewater.org.au/archive
/crcch/archive/pubs/pdfs/technical200511.pdf )
Taylor, B., and R. C. de Loë. 2012. Conceptualizations of local knowledge in collaborative environmental governance. Geoforum 43:
1207–1217.
Travaline, K., F. Montalto, and C. Hunold. 2015. Deliberative policy analysis and policy-making in urban stormwater management. Journal of Environmental Policy and Planning 17:691–708.
USEPA (United States Environmental Protection Agency). 2008.
Build partnerships. Chapter 3 in Handbook for developing
watershed plans to restore and protect our waters. Technical
Report EPA 841-B-08-002. United States Environmental Protection Agency, Washington, DC. (Available from: https://
www.epa.gov/sites/default/ﬁles/2015-10/documents/2008
_04_18_nps_watershed_handbook_ch03.pdf )
Usher, M., J. Huck, G. Clay, E. Shuttleworth, and J. Astbury. 2021.
Broaching the brook: Daylighting, community and the ‘stickiness’ of water. Environment and Planning E: Nature and
Space 4:1487–1514.
Walsh, C. J., T. D. Fletcher, D. G. Bos, and S. J. Imberger. 2015.
Restoring a stream through retention of urban stormwater
runoff: A catchment-scale experiment in a social–ecological
system. Freshwater Science 34:1161–1168.
Wang, C., X. Shao, K. A. Do, H. K. Lu, C. R. O’Neal, and Y.
Zhang. 2021. Using participatory culture-speciﬁc consultation with Asian American communities: Identifying challenges and solutions for Asian American immigrant families.
Journal of Educational and Psychological Consultation 31:17–
38.
Wohl, E., S. N. Lane, and A. C. Wilcox. 2015. The science and practice
of river restoration. Water Resources Research 51:5974–5997.
Yocom, K. 2014. Building watershed narratives: An approach for
broadening the scope of success in urban stream restoration.
Landscape Research 39:698–714.
Zhang, W., Z. Sjoerds, and B. Hommel. 2020. Metacontrol of human creativity: The neurocognitive mechanisms of convergent and divergent thinking. NeuroImage 210:116572.

